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FRP STRUCTURAL MATERIAL AND PROCESS FOR MANUFACTURING THE SAME 



The present invention relates to an FRP structural material 
and a process for manufacturing the same, and specifically, 
relates to an FRP structural material with a lightweight and high 
strength property suitable as an FRP sandwich structural 
material, and a process for manufacturing an FRP structural 
material that can manufacture the FRP structural material 
efficiently and inexpensively. 



A great deal of attention is paid to an FRP (fiber reinforced 
plastic) as a lightweight and high-strength material in various 
industrial fields. Among various FRPs, CFRP (carbon fiber 
reinforced plastic) is particularly noticed from the viewpoint 
of its excellent mechanical property, etc. 

In such FRP structural materials, a structure comprising a 
lightweight core material and an FRP skin layer is often employed 
in order to achieve high strength and stiffness keeping a 
lightweight property. Although an FRP skin layer is disposed on 
at least one surface of a core material, usually a sandwich 
structure in that an FRP skin layer is disposed on each surface 
of a core material is often employed. Further, as a core 
material, a lightweight core material formed from, for example, a 
foamed material (a foam core) is often employed to maintain the 
lightweight property of the whole of a structural material. The 
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core material formed from a foamed material is excellent not only 
in lightweight property but also in heat insulation property, etc. 
When an FRP structural material is formed by using such a core 
material, molding can be performed easily and efficiently 
because the core material itself may be used as a support 
material, a reinforcing fiber substrate may be disposed on it, 
and a resin may be impregnated the reinforcing fiber substrate 
a nd cured . 

The core material described above is so far formed as a 
single-layer core material, and an FRP skin layer is disposed on 
one surface or each surface of the core material to make an FRP 
structural material formed integrally as a whole. As such a 
single-layer core material, for example, in case of a foamed 
material, usually a material having a thickness more than 20 mm 
is used to ensure the properties such as stiffness of the whole 
of the structural material. 

However, in such a relatively thick core material, when the 
core material itself is formed, it is difficult to form a small- 
curvature portion by bending an original core material formed in 
a flat shape. Therefore, in a case where a curved surface 
portion with a relatively small radius of curvature is required 
to a final form of an FRP structural material, at least it 
becomes difficult to use a core material for the portion, or it 
becomes necessary to mold the FRP structural material in a 
desired shape by foaming and using an expensive mold, or to 
process a core material into a desired shape at an extremely high 



processing cost. Therefore^ in practice, in a process for 
forming an FRP structural material using a core material, there 
is a certain limit in shape to be formed, particularly, in shape 
of a curved surface portion. 

Further, with respect to an FRP sandwich structural material, 
it is used in various fields, particularly, such as uses for 
cons true ti o n /bui Idi ng materials, and for molding an FRP sandwich 
structural material, usually a foamed material is used as a core 
material. Although usually organic foamed materials such as an 
urethane foam, a polystyrene foam and a phenol foam are employed 
as a core material, because it is necessary to use a raw material 
mixed with a foaming agent in a polymer for manufacturing these 
foamed materials, a high cost is required for the manufacture, 
and this causes an increase of cost for manufacturing an FRP 
sandwich structural material. 

Particularly, in order to use a vacuum RTM (Resin Transfer 
Molding) recently paid attention to as a molding method capable 
of manufacturing an FRP with a high strength at a low cost, it is 
necessary that a core material bears a vacuum pressure, and a 
density of a core material must be high to achieve a high 
compression strength for bearing the vacuum pressure, and 
therefore, a foaming material with not only higher cost but also 
heavier weight, as compared with a usual foamed material, has 
been used. As a result, in an FRP sandwich structural material 
using such a- core material, the cost for the manufacture has 
increased because of the high cost of the core material even if a 



low-cost process has been employed as the molding method. 

Further, even when an FRP is molded into a relatively large 
member, a structural material combined with FRP skin material and 
a lightweight core material, especially a sandwich structural 
material in which an FRP skin layer is disposed on each surface 
of a core material, is often employed. By such a constitution, 
an FRP structural material with a lightweight in spite of a large 
size, and having a necessary strength and stiffness, can be 
obtained. In order to further reinforce the FRP structural 
material, it is also known that it is effective to dispose a 
reinforcing member such as rib or a cap at an appropriate 
position - 

However, because in most cases a relatively large FRP 
structural material has been manufactured by hand lay-up method, 
the manufacture is not so easy, and the cost therefor is 
relatively high. Against these problems, it is still hard to say 
that a 'molding technology capable of manufacturing a relatively 
large FRP structural material easily and at low cost is 
established . 

Further, as a method capable of molding a relatively large 
FRP structural material efficiently, a method is known wherein a 
reinforcing fiber substrate is disposed on at least one surface 
of a core material with grooves, after the whole of the material 
is covered with a bag substrate, the inside covered with the bag 
substrate is evacuated, and then a resin is injected and the 
resin is impregnated in the thickness direction of the 



reinforcing fiber material while being distributed in the 
surface direction of the reinforcing fiber material through the 
grooves of the core material, and the core material and the 
reinforcing fiber material are molded integrally by the resin 
(for example U . S . Pat. No. 5,721,034). 

In such a molding method, grooves for forming resin paths 
when molded are defined on a core material, for example, on a 
core material formed from a foamed material. These grooves are 
defined to form a predetermined pattern by mechanical processing 
or the like after the core material is molded (or prepared) in a 
predetermined shape such as a rectangle or the like. 

However, in the above -de s cr ibed method for post-processing 
grooves after forming a core material, it takes labor and cost 
for the post-processing, and in a case of a large number of core 
materials, the time and the cost required for processing the core 
material become too great, ultimately, the cost for the 
manufacture of the FRP structural material increases. 

Further, when a groove of a core material is post-processed 
by a mechanical processing, because the ability of the processing 
machine is limited, a pattern of a groove to be formed is also 
limited. Therefore, sometimes there occurs a case where a groove 
with a complicated pattern or an arbitrary free pattern cannot be 
formed, and therefore, sometimes an optimum resin path pattern 
for molding an FRP structural material cannot be obtained. This 
groove pattern of a core material is an important factor for 
molding a uniform FRP structural material efficiently, and 



optimization of a groove pattern gives a high possibility to mold 
an FRP structural material with more excellent properties at a 
high efficiency. 

Furthermore, although it is desired that, when a relatively 
large FRP structural material is molded by the above -de s cr ibed 
method, a resin is impregnated uniformly and quickly on the 
thickness direction of a reinforcing fiber substrate while being 
distributed uniformly in the surface direction of the 
reinforcing fiber substrate in order to mold a uniform FRP 
structural material efficiently, it is hard to say that a molding 
technology to satisfy such a requirement is established. 

Further, when an FRP structural material is molded by the 
above-described method or by a hand lay-up method, especially, 
when a relatively large FRP structural material is molded, a 
portion not impregnated with resin, namely, a portion of a 
reinforcing fiber substrate that is poor in resin impregnation, 
sometimes appears on the surface. In the -conventional technology, 
when such a resin non- impr e g na ted portion is generated, for 
example, a method for impregnating a resin from the surface of an 
outer layer by hand lay-up method is employed. When a resin non- 
impregnated portion is deep, a method for removing the resin non- 
impregnated portion and repairing the portion by depositing a 
resin already impregnated substrate such as a prepreg into the 
portion may be also employed. 

However, in such a method for repairing due to hand lay-up, 
because air is not bled out from the portion to be repaired, it 



is difficult to completely impregnate a resin into the portion. 
Therefore, there is a fear that a resin non- impregnated portion 
(void) remains, and the mechanical property of the portion 
decreases. Further, in the method for depositing a resin already 
impregnated substrate such as a prepreg, it takes time for the 
working because of its poor workability, as well as the strength 
may locally decrease because a repaired portion is composed of 
another material, thereby making the portion discontinuous. 
Furthermore, there is a fear that a reinforcing fiber material 
around the portion is cut when the resin non- impregnated portion 
is removed, and also from this respect the strength may be 
decreased . 

pjscXosure of th e Inven t ion 
It is an object of the present invention to provide an FRP 
structural material and a process for manufacturing the same, 
which can easily rnold a curved surface with a relatively small 

^ ■ r- — f ■ — - . 

r ^adius of curvature and can mold an FRP structural material in a 
substantially arbitrary shap e while ensuring enough strength and 
stiffness required for the FRP structural material by use of a 
core material. 

It is another object of the present invention to manufacture 
a lightweight FRP sandwich structural material with sufficiently 
high mechanical properties at a low cost, and especially to 
provide an FRP sandwich structural material suitable for a 
building material such as a roof material and the like, and a 
process method for manufacturing the same. 
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It is a further object of the present invention to establish 
a molding technology capable of manufacturing a relatively large 
FRP structural material easily and inexpensively. 

It is a further object of the present invention to be able to 
mold an FRP structural material by a vacuum RTM method more 
efficiently and inexpensively by previously forming a groove of a 
core material. 

It is a further object of the present invention to establish 
a molding technology capable of impregnating a resin uniformly 
and quickly in the thickness direction of a reinforcing fiber 
substrate while distributing the resin uniformly in the surface 
direction of the reinforcing fiber substrate even in case of a 
relatively large FRP structural material, thereby manufacturing 
a uniform FRP structural material efficiently and inexpensively. 

It is a still further object of the present invention to 
provide a process for manufacturing an FRP structural material 
capable of repairing the mate rial rationall y, by p reventi ng 
o ccurrence of a void o r a local resin non-impregnated portion by 
impregnating a resin substantially completely with an extremely 
simple repair working, and by preventing decrease of the strength 
by performing the repair without cutting of a reinforcing fiber 
substrate and by forming the same FRP structure as that a 
structure of the portion around the repaired portion- 
To accomplish the above objects, an FRP structural material 
according to the present invention comprises an FRP structural 
material having a core material and an FRP skin layer disposed on 



at least one surface of the core material, characterized in that 
a plurality of core materials are stacked in the thickness 
direction . 

This FRP structural material may have a portion where core 
materials are directly stacked onto each other, namely the 
respective core materials are stacked so as to contact directly 
with each other, or may have portion where an FRP skin layer is 
interposed between the stacked core materials. The present 
invention is especially effective in a case where a stacked body 
of the core materials has a curved surface on at least one part 
of the body. Although a material of the core material is not 
particularly restricted, a foamed material, especially ■ a 
material having an independent foamed porous mechanism is 
preferable from the viewpoint of increasing strength and 
stiffness while maintaining a lightweight property of the whole 
of the structural material. 

The thickness of one core material is preferably 20 mm or 
less. By using such a relatively thin core material, as its 
single material, a free ly curved s urface can be easil y formed. 
Even though a core material itself is thin, by stacking a 
plurality of the core materials, the thickness of the stacked 
body of the core materials can be easily set at the same level or 
more as usual. Since a plurality of thin core materials each 
formed in a designed shape are stacked, the stacked body is 
formed as a designed shape with no problems. Therefore, even in 
a case of a shape having a curved surface with a relatively small 
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radius of curvature, it may be easily formed, and therefore, the 
shape of an FRP structural material to be formed may not be 
substantially limited. 

In such a core material, a groove for distributing a resin at 
the time of forming an FRP skin layer may be formed on a surface 
of at least one core material. The groove for resin distribution, 
for example, may comprise a large groove and a small groove 
communicated with the large groove. Further, an FRP rib, which 
extends in the thickness direction of the core material and which 
is combined integrally with the FRP skin layer, may be provided. 
Furthermore, a structure may be employed wherein a net-like 
material is disposed at a position adjacent to a reinforcing 
fiber substrate of an FRP skin layer, and the FRP skin layer, the 
net-like material and at least one sheet of a core material are 
integrally molded. 

A process for manufacturing an FRP structural material 
according to the present invention is characterized in that a 
plurality of core materials are stacked, a reinforcing fiber 
substrate is disposed on at least one surface of the core 
material, and the reinforcing fiber substrate is impregnated 
with a resin. 

In this manufacturing process, a reinforcing fiber substrate 
may be interposed into at least a part of a portion between the 
stacked core materials. A method may be employed wherein a 
groove is defined on a surface of a core material in contact with 
a reinforcing fiber substrate, and a resin is distributed along 



the groove as well as the resin is impregnated into the 
reinforcing fiber substrate. Further, a method may be employed 
wherein a net-like material is disposed between a core material 
and a reinforcing fiber substrate, and a resin is distributed 
along the net-like material as well as the resin is impregnated 
into the reinforcing fiber substrate. 

Further, a method may be employed wherein, after at least a 
portion disposed with a reinforcing fiber substrate is covered 
with a bag substrate, the inside covered with the bag substrate 
is evacuated, and a resin is injected to impregnate the resin 
into the reinforcing fiber substrate. Furthermore, a method may 
be employed wherein a reinforcing fiber substrate extending in 
the thickness direction of the core material is disposed, and an 
FRP rib is formed by impregnating a resin into the reinforcing 
fiber substrate. 

In such an FRP structural material and the process for 
manufacturing the same, as the core material of an FRP structural 
material is composed of a stacked body of thin core materials, a 
substantially freely curved surface can be formed while the 
lightweight, strength and stiffness as the whole of the FRP 
structural material can be ensured, and an FRP structural 
material having a curved surface portion with a relatively small 
radius of curvature also can be easily manufactured. 

Further, the present invention provides an FRP structural 
material wherein a pair of plates, at least one of which contains 
FRP, are disposed with a gap therebetween, and a rib structural 



material connecting both plates is interposed in the gap, 
characterized in that a seamless, enclosed hollow core material 
is contained in the gap. It is necessary to use a seamless, 
enclosed hollow core material as a hollow core material. If 
using a core material with seam, when molding by particularly an 
RTM method, the seam portion (a seam portion due to bonding such 
as adhesion) is broken by a resin pressure, and because a trouble 
is liable to occur wherein a resin enters into the inside of a 
core material, it is necessary to use a seamless, enclosed hollow 
core material. 

An FRP, metal and wood and the like can be used as a raw 
material of the rib structural material, and it is preferable 
that the rib structural material is disposed and inserted at the 
same time as molding a pair of plates. The dimension of the gap 
between a pair of plates may be substantially constant or varied 
in the extending direction of the plates. The shape of a plate 
itself may be merely a flat plate shape, but for example, at 
least one plate may be formed as a folded plate in which a 
mountain part and a valley part are disposed alternately. The 
mountain and/or valley part may be extended at a straight line in 
a certain direction, and may be formed into a three-dimensional 
shape such as a pyramid shape. For the rib structural material, 
various kinds of cross section can be employed, and further, "a 
truss or rahmen structural material can be also employed. 

A seamless, enclosed hollow core material can be formed from, 
for example, a thermoplastic resin, and for example, can be form 



from blow forming product made of a thermoplastic resin. As the 
volume of the seamless, enclosed hollow core material, 1000 cm** 
or more is preferable, and by this a relatively large FRP 
structural material can be easily formed. A reinforcing fiber 
substrate is wound on the seamless, enclosed hollow core material 
made of such a thermoplastic resin, and a substantially FRP box- 
like body may be formed after an FRP sandwich structural material 
is molded. If a groove is formed on any one surface of a 
seamless, enclosed hollow core material with a polyhedron 
structure, a resin can be distributed at the time of molding. 
Further, a structure may be employed wherein a net-like material 
is disposed at a position adjacent to a reinforcing fiber 
substrate of FRP of at least one plate, and the at least one 
plate, the net-like material and at least the seamless, enclosed 
hollow core material are integrally molded, and even in such a 
structure, a resin can be distributed at the time of molding. As 
to the shape of a seamless, enclosed hollow core material, in 
addition to a rectangular parallelepiped, a triangle, a 
trapezoid, and other polygonal shapes can be used. 

A thickness of a seamless, enclosed hollow core material is 
preferably in the range of 0.5 mm to 5 mm. If the thickness is 
less than 0.5 mm, the core material is likely to be broken or 
deformed when evacuated in a RTM process. If the thickness is 
more than 5 mm, the lightweight property may be damaged as well 
as the cost increases due to increase of volume of the raw 
material . 



In this FRP sandwich structural material, it is preferred 
that carbon fibers are contained as a reinforcing fiber of FRP of 
at least one plate. By containing carbon fibers, the strength 
and stiffness as a whole of an FRP structural material can be 
increased. Especially, it can serve cost saving to use a 
reinforced fiber containing a tow-like carbon fiber filamentary 
yarn number of filament of which is in the range of 10 , 000 to 
300,000. 

Further, in this FRP sandwich structural material, it is 
preferred that the matrix resin of at least one plate comprises a 
phenol resin in order to increase its fireproof property. 
Furthermore, a layer comprising a fireproof material, for 
example, a material having a fireproof property or a fireproof 
paint can be provided on at least one surface. 

Further, this FRP sandwich structural material can be 
preferably used as a building material such as a roof material 
and the like. In this case, the whole of an FRP roof material or 
the whole of one unit of an FRP roof material can be formed in a 
three dimensional shape. For example, a structure that at least 
one plate has a part of po lyhedr on- 1 i ke three-dimensional shape, 
or a structure that at least one plate has a three-dimensional 
curved surface portion, can be employed. And a structure with 
both of these three-dimensional shapes can be also employed. 

A process for manufacturing an FRP structural material 
according the present invention is characterized in that 
reinforcing fibers are disposed on a mold, a seamless, enclosed 



hollow core material wound with reinforcing fibers at a 
predetermined position is disposed on the reinforcing fibers 
disposed on the mold, reinforcing fibers are further disposed 
thereon, and after the whole of the materials is covered with a 
film substrate for vacuum, the inside covered with the film 
substrate is evacuated, and a resin is injected to impregnate the 
resin into reinforcing fibers. The seamless, enclosed hollow 
core material can be formed, for example, by blow molding. 

In the above-described FRP structural material and process 
for manufacturing the same, because a seamless, enclosed hollow 
core material is contained in a gap between both plates, this 
seamless, enclosed hollow core material also can function as a 
core and/or a rib of a sandwich panel structure, and while the 
mechanical properties of the whole of the FRP sandwich structural 
material can be ensured to be sufficiently high, the lightweight 
property of the whole can be maintained because of the hollow 
structure, or the property can be increased as compared with that 
of other rib structures. Moreover, since the seamless, enclosed 
hollow core material may be merely in a formation of a molded 
resin product before molding the whole of an FRP sandwich 
structural material, it can be manufactured at a low cost. 

Further, an FRP structural material according to the present 
invention comprises a core material, an FRP plate disposed on at 
least one surface of the core material and an FRP reinforcing 
material disposed at least on one end portion of the core 
material and having a flange portion extending substantially in 



parallel to and a web portion extending substantially 
perpendicular to the FRP plate, and the FRP structural material 
is characterized in that a recessed portion, into which the 
flange portion of the reinforcing material is fitted, is defined 
on at least one surface of the one end portion of the core 
material, a groove communicating with the recessed portion and 
forming a resin path at the time of molding is defined on the 
core material, and the FRP plate, the FRP reinforcing material 
and the core material are integrally molded with a resin. 

In the above-described FRP structural material, although an 
FRP plate may be disposed only on one surface of the core 
material, preferably a structure is employed wherein the FRP 
structural material has a sandwich structure in which the FRP 
plate is disposed on each surface of the core material, and the 
reinforcing material extends between two FRP plates. By such a 
sandwich structure, the lightweight property of the whole of the 
FRP structural material can be ensured, while the strength, 
stiffness and surface durability can be ensured by the FRP plates 
disposed on both surfaces, and besides, higher strength and 
stiffness of the whole of the FRP structural material can be 
achieved by the reinforcing material. 

Although the above -de s cr ibed recessed portion also may be 
provided on only one surface of one end portion of a core 
material, it is preferably provided on each surface of a core 
material. The above -de s cr ibed groove, for example, can be formed 
as a shape comprising a large groove and a small groove diverged 



from the large groove . 

Such a groove shape formed from a large groove and a small 
groove can be optimized to improve the properties such as resin 
distribution. For example, when H is referred to as a depth of a 
large groove, W is referred to as a groove width and P is 
referred to as a pitch of the groove, it is preferred to satisfy 
the following relationship. 

(a) 200 ^ W X H ^ 5 (mm^) , (b) 300 ^ P ^ 100 (mm) 
Or when h is referred to as a depth of a small groove, w is 
referred to as a groove width and p is referred to as a pitch of 
the groove, it is preferred to satisfy the following relationship 

(a) 100 ^ w X h ^ 1 (mm^) , (b) 100 ^ p ^ 5 (mm) 
Further, the above-described reinforcing material either can 
be disposed continuously in the surface direction of the FRP 
plate, or can be disposed di s cont i nuous ly . Even if 

discontinuous ly disposed, a sufficient reinforcement effect can 
be obtained by selecting an adequate reinforcing material and a 
proper pitch. 

Further, it is preferred that a share strength between the 
flange portion of the above-described reinforcing material and 
the FRP plate is not less than a tensile strength of the flange 
portion of the reinforcing material itself determined in the 
share direction thereof. Particularly, a length of the flange 
portion of the reinforcing material "a" preferably satisfies the 
following equation. 

max ( a 2 X t2, as X ts) ^ K r a 
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^ min ( a 2 >^ ^zf cr s X ts) 
Where, 0 2 is a tensile strength of the flange portion, 
t,2 is a thickness of the flange portion, 
a s is a tensile strength of the FRP plate, 
ts is a thickness of the FRP plate, 

r is a share strength between the flange portion and 
the FRP plate, 

K is a valid efficiency of connection, 

"max" shows the greatest value in the parenthesis, and 
"min" shows the smallest value in the parenthesis . 
Further,- it is preferred that a value of the product by the 
tensile strength a 2 and the thickness t2 of the flange portion of 
the reinforcing material is not more than a value of the product 
by the tensile strength a s and the thickness ts of the FRP plate, 
and the length "a" of the flange portion satisfies the following 
equa t ion . 

asXts/r ^KaS a2Xt2/r 
Further, it is preferred that a length of the flange portion 
"a" and a length of the web portion "b" of the reinforcing 
material satisfy the following equation. 

a / ao = K (b / bo) [ (t2 / t2o). / (ti / t^p) ]^ 
Where, ti is a thickness of the web portion, 

t2 is a thickness of the flange portion, 

the attached character 0 is a standard value set up 

depending on a molding condition, and 

K is a proportional constant. 



Furthermore, it is preferred that a length of the flange 
portion "a" and a length of the web portion "b" of the 
reinforcing material satisfy the following equation. 

a / ao = K (b / bo) (ts / t^ + 1)^ 
Where, t^ is a thickness of the web portion or the flange 
portion , 

ts is a thickness of the FRP plate, 

ao and bo are standard values set up depending on a 

molding condition, and 

K is a proportional constant. 
A process for manufacturing an FRP structural material 
according to the present invention is characterized in that, a 
core material having a recessed portion defined on at least one 
surface of one end portion, a reinforcing fiber substrate 
extending in the surface direction of - the core material on at 
least one surface of the core material, and a substrate for 
forming a reinforcing material having a flange portion 
substantially extending in parallel to the reinforcing fiber 
substrate and positioned in the recessed portion and a web 
portion substantially extending perpendicular to the reinforcing 
fiber substrate, are disposed in a mold, a medium for 
distributing a resin in its surface direction is disposed above, 
or above and below these disposed materials and substrate, or a 
resin distribution path for distributing a resin in the surface 
direction of the core material is defined on the core material, 
and then, after the whole is covered with a bag film, the inside 
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covered with the bag film is evacuated, a resin is injected and 
distributed along the surface of the reinforcing fiber substrate 
and the resin is impregnated into the reinforcing fiber substrate, 
thereby the reinforcing fiber substrate, the substrate for 
forming a reinforcing material and the core material are 
integrally molded by the resin. 

In this process for manufacturing an FRP structural material, 
the substrate for forming a reinforcing material also may 
comprise a reinforcing fiber substrate, or, the substrate for 
forming a reinforcing material may comprise a preformed FRP 
subs tr ate . 

Further, a reinforcing fiber substrate is disposed on each 
surface of the core material, and the substrate for forming a 
reinforcing material may be disposed so as to extend between both 
reinforcing fiber substrates. Furthermore, it can be employed 
that a resin distribution path of the core material is 
communicated with the recessed portion, and the substrate for 
forming a reinforcing material is integrally molded by 
introducing the injected resin into the recessed portion. 

Further, an FRP structural material according to the present 
invention is characterized in that an FRP layer is disposed on at 
least one surface of a core material comprising from a foaming 
material, the core material being molded by foaming in a mold 
with a pattern for defining a predetermined groove and the core 
material having a groove defined at the same time as molding on 
at least one surface of the core material. Namely, a core 



material with a groove is previously molded by using a foaming 
material and a mold with a pattern to form a predetermined 
desired groove. 

In this FRP structural material, it is preferred that 
reinforcing fibers of the FRP layer include a tow-like carbon 
fiber filamentary yarn of which filament number is in the range 
from 10,000 to 300,000. By this, a desired FRP structural 
material can be mold at a low cost and efficiently even in a case 
of a relatively large FRP structural material- 
Further, a structure may be employed wherein a core material, 
a net-like material disposed on a surface of the core material, 
and a layer containing a reinforcing fiber substrate disposed on 
the net-like material are disposed in this order, and these 
materials are molded integrally. By disposition of the net-like 
material, a resin can be distributed uniformly and quickly. The 
layer containing the reinforcing fiber substrate may comprise an 
FRP layer, or may comprise a fiber reinforcing inorganic material 
layer. Because the net-like material is integrally formed, its 
thickness is preferably 3 mm or less . 

It is preferred that a groove is defined on the above- 
described core material for forming a resin path at the time of 
molding. Further, it is preferred that reinforcing fibers of the 
above-described reinforcing fiber substrate include a tow-like 
carbon fiber filamentary yarn of which filament number is in the 
range of 10 , 000 to 300, 000 . The core material may be formed, for 
example, as a hollow material, or as a seamless, enclosed hollow 



core material as aforementioned. Further, the core material can 
be formed from a plastic, a rubber or a thin metal. As the cross 
section, a circular or rectangular cross section can be employed. 
In a case of a hollow core material, a foaming material can be 
filled up in the core material. 

Further, a process for manufacturing an FRP structural 
material according to the present invention is characterized in 
that a core material with a groove is molded by foaming a foaming 
material in a mold with a pattern for forming a predetermined 
groove, a reinforcing fiber substrate is disposed on at least one 
surface of the molded core material with a groove, and after the 
whole is covered with a bag substrate, the inside covered with 
the bag substrate is evacuated, and a resin is injected and 
distributed along the surface of the reinforcing fiber substrate 
via the groove of the core material while the resin is 
impregnated into the reinforcing fiber substrate in the 
thickness direction of the reinforcing fiber substrate, thereby 
the core material and the reinforcing fiber substrate are 
integrally molded by the resin. 

Further, a process for manufacturing an FRP structural 
material according to the present invention is characterized in 
that a core material, a net-like material disposed on at least 
one surface of the core material, and a reinforcing fiber 
substrate provided on the net-like material are disposed in this 
order, and after the whole is covered with a bag film, the inside 
covered with the bag film is evacuated, and a resin is injected 



and distributed along the surface of the reinforcing fiber 
substrate via the net-like material, the distributed resin is 
impregnated into the reinforcing fiber substrate, thereby the 
core material, the net-like material and the reinforcing fiber 
substrate are integrally molded by the resin. 

In the process for manufacturing an FRP structural material, a 
groove for a resin path may be defined on the core material, and an 
injected resin through the groove can be distributed to each part 
of the net-like material. Further, a hollow core material is used 
as the core material. Furthermore, the reinforcing fiber substrate 
may be disposed over the entire circumference of the core material. 

Further, a process for manufacturing an FRP structural 
material according to the present invention is characterized in 
that, in a process for manufacturing an FRP structural material 
formed from an FRP composed of a reinforcing fiber substrate and 
a matrix resin, when a portion not impregnated with a resin is 
found on a surface, after the whole of the resin non- impr eg na ted 
portion and its vicinity is entirely covered with a bag substrate, 
the inside covered with the bag substrate is evacuated, and a 
resin is injected into the inside to impregnate the resin into 
the resin non- impr egna ted portion of the reinforcing fiber 
substrate. By this process, the resin non- impregnated portion 
can be repaired efficiently and inexpensively. 

In this process, the whole of the resin non- impr eg na ted 
portion can be covered with the bag substrate after a resin 
distribution medium is disposed on the resin non- impregnated 



portion. Further, a resin permeable mold separation material 
may be interposed between the resin distribution medium and the 
reinforcing fiber substrate with the resin non- impregnated 
portion . 

Brief explanation of the drawings 

Figure 1 is a partial perspective view of an FRP structural 
material according to an embodiment of the present invention. 

Figure 2 is a partial perspective view of an FRP structural 
material according to another embodiment of the present 
invention. 

Figure 3 is a partial perspective view of an FRP structural 
material according to a further embodiment of the present 
invention . 

Figure 4 is a partial perspective view of an FRP structural 
material according to a further embodiment of the present 
invention . 

Figure 5 is a partial perspective view of a sheet of a core 
ma ter i a 1 . 

Figure 6 is a partial perspective view showing a process for 
manufacturing an FRP structural material according to an 
embodiment of the present invention. 

Figure 7 is a perspective view showing an example of a core 
material . 

Figure 8 is a perspective view showing another example of a 
core material . 

Figure 9 is a sectional view of an FRP structural material 



according to a further embodiment of the present invention. 

Figure 10 is a partial sectional view of an FRP structural 
material according to a further embodiment of the present 
invention . 

Figure 11 is a sectional view of an FRP structural material 
according to a further embodiment of the present invention. 

Figure 12 is a perspective view showing a further example of 
a core material. 

Figure 13 is a partial sectional view of an FRP structural 
material according to a further embodiment of the present 
invention . 

Figure 14 is a partial sectional view of an FRP structural 
material according to a further embodiment of the present 
invention . 

Figure 15 is a perspective view of an FRP structural material 
according to a further embodiment of the present invention. 

Figure 16 is a perspective' view of an FRP structural material 
according to a further embodiment of the present invention. 

Figure 17 is a sectional view of an FRP structural material 
according to a further embodiment of the present invention. 

Figure 18 is a partial perspective view showing an example of 
a method for processing an end portion of a core material. 

Figure 19 is a sectional view showing a process for 
manufacturing an FRP structural material according to another 
embodiment of the present invention. 

Figure 20 is a perspective view showing a further example of 



a core material. 

Figure 21 is a partial perspective view showing each example 
of formed grooves of a core material . 

Figure 22 is a partial sectional view showing each example of 
structures of an end portion of a core material . 

Figure 23 is a partial sectional view showing an example of a 
disposition and a shape of a groove of a core material. 

Figure 24 is a partial sectional view of an FRP structural 
material according to a further embodiment of -the present 
invention . 

Figure 25 is a partial sectional view showing each of other 
structural examples of the present invention. 

Figure 26 is a partial perspective view showing an example of 
a structure of an end portion of a core material. 

Figure 27 is a partial sectional view of an FRP structural 
material according to a further embodiment of the present 
invention . 

Figure 28 is a partial sectional view of an FRP structural 
material according to a further embodiment of the present 
invention . 

Figure 29 is a partial perspective view of an FRP' structural 
material according to a further embodiment of the present 
invention . 

Figure 30 is a partial sectional view of an FRP structural 
material according to a further embodiment of the present 
invention . 



Figure 31 is a partial plan view of an FRP structural 
material according to a further embodiment of the present 
invention . 

Figure 32 is a partial sectional view of an FRP structural 
material according to a further embodiment of the present 
in ve nt ion , 

Figure 33 is a partial sectional view of an FRP structural 
material according to a further embodiment of the present 
invention . 

Figure 34 is a partial sectional view of an FRP structural 
material according to a further embodiment of the present 
invention . 

Figure 35 is a partial sectional view of an FRP structural 
material according to a further embodiment of the present 
invention . 

Figure 36 is a plan view showing each of examples of a groove 
pattern of a core material. 

Figure 37 is a sectional view of an FRP structural material 
according to a further embodiment of the present invention. 

Figure 38 is a sectional view showing a process for 
manufacturing an FRP structural material depicted in Figure 37. 

Figure 39 is a perspective view of an FRP structural material 
depicted in Figure 37. 

Figure 40 is a sectional view showing a process for 
manufacturing an FRP structural material according to a further 
embodiment of the present invention. 
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Figure 41 is a perspective view of a core material of an FRP 
structural material depicted in Figure 40. 

Figure 42 is a perspective view showing a process for 
manufacturing an FRP structural material according to a further 
embodiment of the present invention. 

The Best mode for carryin g out the Invention 

Hereinafter, desirable, embodiments of the present invention 
will be explained referring -to figures. 

Figure 1 shows an FRP structural material according to an 
embodiment of the present invention. In this embodiment, a 
stacked body 3 is formed from core materials 2 by directly 
stacking three sheets of core materials 2 each formed from a thin 
foamed material the thickness of one sheet of which is 20 mm or 
less, and an FRP structural material 1 having a sandwich 
structure is formed by disposing an FRP skin layer 4 on each 
surface of this stacked body 3 of core materials. 

Each core material 2 has a curve d sur face portion 5 whose 

radius of curvature is relatively small, and the stacked body 3 

and further the FRP structural material 1 have also this curved 

surface portion. Namely, although a portion having such a small 

radius of curvature has . been difficult to be formed by a 

conventional processing of bending a flat raw material for a core 

material, it can be easily performed with no problems to form a 

single core material 2 by thinning ea ch core material 2, and 

^ - ^ — . — ..^^^ 

further by st.ac kin g a plurality of the core ma t erials 2 , a 
stacked body 3, ultimately^ an F RP__5-tr-u.c-t.u r a 1 material 1 having a 



portion of a relatively small radius of curvature, can be easily 
formed with no problems . 

Moreover, as stacked body 3 of core materials is composed of 
the core materials 2 by stacking an adequate number of sheets, a 
target thickness can be easily set as that of the core material 
for the whole of FRP structural material 1. As FRP skin layer 4 
is disposed on each surface of stacked body 3 of core materials 
having a predetermined thickness and an FRP structural material 1 
of a sandwich structure integrally molded as a whole is formed, 
as the obtained FRP structural material 1, a desired lightweight 
property is ensured as well as target strength and stiffness can 
be easily obtained, and properties such as heat insurance also 
can be achieved. 

Figure 2 shows an FRP structural material 11 according 
another embodiment- In this embodiment, a fireproof layer 12 is 
further added to FRP structural material 1 depicted in Figure 1 . 
And this fireproof layer 12 is also composed of a stacked body of 
a plurality of layers each single layer 13 (for example, composed 
of an inorganic wool material) having a relatively small 
thickness. Therefore, this fireproof layer 12 also can be formed 
into a freely curved surface similarly to in the above -descr ibed 
core material- 
Figure 3 shows an FRP structural material 21 according to a 
further embodiment of the present invention. In this embodiment, 
an FRP structural material 21 has two sheets of relatively thin 
core materials 22, an FRP skin layer 23 is interposed between 
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both core materials 22 and an FRP skin layer 24 is disposed on 
each surface of FRP structural material 21. 

Thus, in the present invention, a part in that thin core 
materials 2 are directly stacked may be provided as shown in 
Figure 1, or a part in that an FRP skin layer 23 is interposed 
between core materials 22 may be provided as shown in Figure 3. 
Further, as shown in Figure 4 described later, a structure with 
CJ both of these parts may be employed. 

hll Figure 4 shows an FRP structural material 31 according to a 

M.i further embodiment of the present invention. In this embodiment, 

three sheets of core materials 32a, 32b, 32c are stacked, and an 

its 

i 

FRP skin layer 33 is interposed between core material 32a and 
^Al core material 3 2b, and further an FRP skin layer 34 is disposed 

on each surface of FRP structural material 31. FRP ribs 35 each 



^e,xtre'nd.i.n.g in the thickness dir ection of the respective core 
mat^r Lials are provided at appropri ate positions . Each FRP rib 35 
is combined integrally with FRP skin layers positioned on both 
sides, thereby increasing the strength and stiffness of the whole 
of FRP structural material 31. 

Such an FRP rib 35 is formed by a method, for example, shown 
in Figure 5. As shown in Figure 5, a r e i iif or c i ng_f.i.b_e.r„s_u,b^_tr^a te 
42 for forming a rib with U-shaped c ross section is dis p _Q.s.e d on 
each end portion of a single core material 41, and after the core 



material 41 equipped with these reinforcing fiber substrates 42 
is disposed and stacked in a predetermined formation, FRP rib 35 



is molded by impregnating a resin into the portions of the 



reinforcing fiber substrates 42 and curing the resin. 

FRP structural materials structured as the above -de s cr ibed 
respective formations are manufactured as follows. For example, 
as shown in Figure 6, a reinforcing fiber substrate 52 is 



the whole of a portion disposed with the reinforcing fiber 
substrate 52 is covered with a bag substrate 53 (for example, a 
bag film) , and the inside is evacuated (reduced in pressure) , and 
a resin is injected and impregnated into the reinforcing fiber 
substrate 52, The resin is cured to form an FRP skin layer, and 
an FRP structural material integrally formed with the FRP skin 
layer and the core material is obtained. In a case where the 
resin can be sufficiently impregnated without providing bag 
substrate 53, setting of the bag substrate 53 and evacuation may 
not be performed. 

To sufficiently distribute the injected resin and to 
impregnate it into reinforcing fiber substrate 52 at a good 
condition, it is preferred to interpose a resin distribution 



medium between a surface of core material 51 and reinforcing 
fiber substrate 52, or between bag substrate 53 and reinforcing 
fiber substrate 52 . 

Although this resin distribution medium can be disposed as a 
separate member such as a net-like material, it is possible to 
provide a groove on a surface of core material 51 and give the 
groove a function as a resin distribution medium. An embodiment 
to use a resin distribution medium comprising a net-like material 



disposed on each surface of a stacked body of core materials 51, 




will be explained in detail in other paragraphs of the embodiment 
described later - 

In the method for providing a groove on a surface of a core 
material, for example, as shown in Figure 7, by defining a large 
groove 62 and a plurality of small grooves 63, which communicate 
with the large groove 62 and extend in the direction intersecting 
the large groove 62, on one surface (a surface in contact with a 
reinforcing fiber substrate) of the core material 61, a resin 
injected from an entrance of large groove 62 can be distributed 
and diffused to each small groove 63. While the resin is 
distributed, the resin is impregnated into the reinforcing fiber 
substrate, and therefore, the resin distribution is performed 
quickly and uniformly, and at ' the same time the impregnation is 
also quickly performed. 

In a case where a reinforcing fiber substrate is disposed on 
each surface of a core material, a groove as shown in Figure 7 
may be provided on each surface of the core material. Further, 
in a case where it is difficult to form large grooves on both 
surfaces, for example as shown in Figure 8, small grooves 72 can 
be disposed so that the respective small grooves 72 are 
positioned offset from each other. 

Although the reinforcing fiber of an FRP material according 
to the present invention is not particularly restricted, for 
example, it is preferred to use a unidirectional material, a 
woven fabric, a mat or a strand of a carbon fibers, or a 
unidirectional material, a woven fabric, a mat or a roving of 



glass fibers, at a single or mixture formation. Especially, it 
is preferred to use carbon fibers in order to achieve an effect 
of lightweight property as much as possible. Further, as to the 
carbon fibers, it is preferred to use a tow-like carbon fiber 
filamentary yarn the number of filaments of which is in the range 
of 10,000 to 300,000, more preferably in the range of 50,000 to 
150,000, rather than to use a carbon fiber filamentary yarn 
having a usual number of filaments of less than 10,000, because 
of better resin impregnation property, handling ability of a 
reinforcing fiber substrate, and economy of a reinforcing fiber 
substrate. Further, it is more preferable that a woven fabric of 
carbon fibers is disposed on a surface of an FRP structural 
material, because the design of the surface is enhanced. 
Furthermore, depending upon requirements, or, depending upon 
required mechanical properties and the like, a reinforcing fiber 
substrate is formed by stacking a layer of reinforcing fibers in 
a plural state, and a resin is impregnated into the reinforcing 
fiber substrate. As the reinforcing fiber layer to be stacked, a 
unidirectional fiber layer or a woven fabric can be employed for 
an appropriate stacking, and the direction of the arrangement of 
the fibers also can be appropriately selected in accordance with 
the direction of strength to be required. 

As a resin of an FRP, a thermosetting resin such as an epoxy, 
an unsaturated polyester, a phenol or a vinyl ester is preferable 
from the viewpoints of molding property and cost. However, a 
thermoplastic resin such as a nylon or an ABS resin, or a resin 



mixed with a thermosetting resin and a thermoplastic resin can be 
also used . 

With respect to a core material, a wood and the like other 
than a foaming material can be used, but a foaming material is 
preferable from the viewpoint of lightweight property. As to the 
raw material of the foaming material, a po 1 yur ethane , a 
polystyrene, a polyethylene, a polypropylene, PVC , a silicone 
and the like are preferably used, and the specific gravity 
thereof is preferably selected within the range of 0.02 to 0.2. 
The raw material and the specific- gravity of the core material 
can be selected depending upon the property required for an FRP 
structural material and the kind of a resin used thereto- If a 
raw material with the specific gravity of less than 0.02 is used, 
a sufficient strength may not be obtained. If the specific 
gravity is more than 0.2, the strength becomes higher, but it 
would obstruct against the aim of lightweight property because of 
the increased weight. 

In the above -des cribed FRP structural material and process 
for manufacturing the same according to the present invention, 
since a core material of an FRP structural material is composed 
of a stacked body of thin core materials, a substantially freely 
curved surface portion can be formed while ensuring a lightweight 
property, a strength and a stiffness required for the whole of 
the FRP structural material, and an FRP structural material 
having a curved surface portion with a relatively small radius of 
curvature also can be easily manufactured. 



Next, embodiments of an FRP sandwich structural material 
containing a seamless, enclosed hollow core material between a 
pair of plates and a process for manufacturing the same will be 
explained . 

In this embodiment, a seamless, enclosed hollow core 

ma ter i ^j^__ i s used in a g a p betweeji the plates o>f — a — ^s-a-n^d-w-i-c h 

s-t.rjj^jtiaral material instead of a usual core material or a part 
t h e r e _of-, — and an FRP sandwich structural material having high 
sjt^rje_^ng-th — a-nd — s-t-i-f Xn££^s^^ca n be obtained at a low cost. This 
seamless, enclosed hollow material can be used when molding, 
instead of a usual core material, even in a hand lay-up molding 
method which is the most popular FRP molding method. Further, 
even in a vacuum molding method, as an inside pressure of a 
seamless, enclosed hollow core material may be same of a normal 
air pressure, even when the inside of the whole portion covered 
with a film substrate is evacuated for molding, an outside 
pressure and the inside pressure of the seamless, enclosed hollow 
core material are balanced, and therefore, the molding may be 
performed without breaking the seamless, enclosed hollow 
material . 

Further, if a core material with seam is used as a hollow 
core material, particularly when molding by RTM method, the seam 
portion (the seam portion due to bonding such as adhesion) is 
liable to be broken by a resin pressure, and a trouble, that a 
resin enters into the inside of the core material, is likely to 
occur. By using a seamless, enclosed hollow core material as a 



hollow material, such a trouble can be prevented. 

Although the seamless, enclosed hollow core material is not 
particularly limited, especially one, formed by using a 
thermoplastic resin and formed by injection molding or blow 
molding, particularly by blow molding, is very advantageous from 
the viewpoint of cost. By blow molding, a seamless, enclosed 
hollow core material having a desired shape can be easily molded. 
Therefore, even if any shape is required for a sandwich 
structural material, it can be produced by changing the shape of 
a seamless, enclosed hollow core material. For example, even 
though a dimension of a gap between a pair of plates of a 
sandwich structural material is varied, or even though one of the 
plates has a folded plate structure in that a mountain part and a 
valley part are alternately disposed, the material can be easily 
produced . 

Although any value may be available as the size of a seamless, 
enclosed hollow core material, if the volume is too small, the 
effect of lightweight property becomes hard to be indicated, and 
therefore, a volume of 1000 cm"* or more is preferably employed. 
If the volume is too large, because a structural problem may be 
caused, 100,000 cm^ or less is preferable. 

Further, the thickness of a seamless, enclosed hollow core 
material is preferably in the range of 0.5 mm to 5 mm. If the 
thickness is less than 0.5 mm, in addition that there is a fear 
that the strength of the whole of a hollow core material may be 
decreased, for example, the core material is likely to be broken 



or deformed when evacuated in RTM molding method. If the 
thickness is more than 5 mm, the lightweight property may be 
damaged and the cost may increase because of increase of amount 
of raw material . 

When a seamless, enclosed hollow co re material is used 
instead of the whole of or a part of a core made from a usual 
foamed material, r ed ucation of co st becomes possib le. Depending 
upon physical properties required for a sandwich structural 
material, a wood, a concrete and the like can be used along with 
a seamless, enclosed hollow core material. 

In a pair of plates forming a sandwich structural material 
according to the present invention, at least one of them is a 
plate containing FRP in order to ensure the lightweight property. 
The thickness of this plate is preferably in the range of 0.6 to 
7 mm. If less than 0.6 mm, in addition that it is difficult to 
obtain desired strength and stiffness, there is a high 
possibility that a scratch, which runs through the plate by an 
impact, may be caused. On the other hand, if more than 7 mm, 
although the strength and stiffness are sufficient, there is a 
defect that the material becomes very heavy. 

A plate having a structure integrally formed with an FRP and 
a metal also can be used as the above -de s cr ibed plate, depending 
upon various properties required for a sandwich structural 
material. Further, for example, it is possible that, among the 
plates forming a sandwich structural material, inner and lower 
surfaces are formed from FRP, and an upper surface is formed from 
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an noncombus tible material such as a metal, a concrete and a 
mortar from fire-proof requirement. 

As the reinforcing fiber of an FRP, a glass fiber, an aramide 
fiber, a carbon fiber and the like are usually used. To obtain 
an FRP with a lightweight property and a high strength, a carbon 
fiber is most preferable, but a hybrid of a glass fiber/a carbon 
fiber is also preferable for balancing with the cost- As the 
formation of fibers used, a cloth, a mat, a strand and the like 
can be preferably employed. Further, as the kind of the carbon 
fiber to be used, although any kind of carbon fiber may be used 
in consideration of its high strength and stiffness, from the 
viewpoint of reduction of cost, it is most preferable to use a 
so-called large tow carbon fiber. 

For example, it is preferred to use a tow-like carbon fiber 
filamentary yarn the number of filaments of which is in the range 
of 10,000 to 300,000, more preferably in the range of 50,000 to 
150,000, rather than to use a carbon fiber filamentary yarn 
having a usual number of filaments of less than 10,000, because 
of better resin impregnation property, handling ability of a 
reinforcing fiber substrate, and economy of a reinforcing fiber 
substrate. Further, it is more preferable that a woven fabric of 
carbon fibers is disposed on a surface of an FRP structural 
material, because the design of the surface is enhanced. 
Furthermore, depending upon requirements, or, depending upon 
required mechanical properties and the like, a reinforcing fiber 
substrate is formed by stacking a plurality of layers of 



reinforcing fibers, and a resin is impregnated into the 
reinforcing fiber substrate. As the reinforcing fiber layer to 
be stacked, a unidirectional fiber layer or a woven fabric can be 
employed for an appropriate stacking, and the direction of the 
arrangement of the fibers also can be appropriately selected in 
accordance with the direction of strength to be required. 

Further, as the resin of the FRP, a vinyl ester resin, an 
unsaturated polyester resin, a phenol resin and the like is 
preferably used, and especially, for the application of a 
building material and a construction material, because there is a 
standard with respect to burning, a phenol resin is most 
preferably used. 

As the structure of a sandwich structural material, any 
structure may be employed as long as a pair of plates are 
disposed at a certain gap provided therebetween, there is a rib 
structural material in the gap for connecting the upper and lower 
plates, and there exists a seamless, enclosed hollow core 
material in the gap. Further, a sandwich structural material, 
wherein at least one plate is formed as a folded plate disposing 
a mountain part and a valley part alternately, is also 
appropriately used, depending upon applications. 



plate and the like can be selectively employed depending upon 
uses. Further, as to the gap between the pair of plates, both of 
a structure having a substantially constant gap and a structure 
having a varying gap can be employed with no problems. 



As the form of the pair of plates, a flat 




As the rib structure, a structure, wherein a rib extends 
perpendicular to both of the pair of plates and the rib connects 
both plates, may be employed, • and a rib structure such as a truss 
structure or a rahmen structure also may be employed. 

When the sandwich structural material is used for a building 
material and the like, a fire-proof material may be provided on 
at least one surface based on a requirement for f i reproof i ng . As 
the fire-proof material, a rock wool molding sheet, a resin 
foamed material, a felt material of a rock wool, a felt material 
made of ceramic fibers, a paint for f ire -proof ing , a foaming 
paint, a sealant for fire-proofing and the like, or a mixture of 
these materials may be appropriately used, 

Hereinafter, a process for manufacturing the above -de s cr ibed 
sandwich structural material will be explained in due order. 

(1) Reinforcing fibers are disposed on a mold. At that time, as 
a method for disposing the reinforcing fibers, although there is 
a method for disposing the fibers on the mold as they are, it is 
preferred to dispose the fibers previously formed as a cloth from 
the viewpoint of efficient manufacture. 

(2) A seamless, enclosed hollow core material wound with 
reinforcing fibers is disposed, on the above-described disposed 
reinforcing fibers. As the seamless, enclosed hollow core 
material, a material formed by, for example, blow molding 
depending on a desired shape of a sandwich structural material 
can be used. Further, reinforcing fibers may be inserted between 
adjacent seamless, enclosed hollow core materials so that they 



can form a rib after resin injection. Alternatively, the 
reinforcing fibers wound on a seamless, enclosed hollow material 
themselves may be used to form a rib without inserting 
reinforcing fibers. As a core material, in accordance with the 
properties of a sandwich structural material, not only a seamless, 
enclosed hollow core material itself but also a seamless, 
enclosed hollow core material combined with an organic foaming 
material, a wood, a concrete and the like may be used. 

(3) Further, reinforcing fibers for forming an upper surface of a 
sandwich structural material is disposed. 

(4) The whole of a body to be molded is covered with a film 
substrate for evacuation. 

(5) The inside being covered is evacuated. 

(6) A resin is injected into the inside and impregnated into the 
reinforcing fibers. At that time, as an assisting means for 
impregnation, a groove forming a resin path may be defined on at 
least one surface of a seamless, enclosed hollow core material or 
a core material used along with it. In a case where a body to be 
molded is large, particularly such an assisting means for resin 
impregnation is effective. Further, as a resin distribution 
medium, another material such as a net-like material and the like 
can be disposed. 

(7) After the resin is cured, a mold is removed. Heat may be 
given for the curing as needed. Further, after removal of the 
mold, heat may be further given as after-curing. 

Hereunder, a more concrete embodiment for a sandwich 
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structural material described above will be explained by using of 
figures . 

Figure 9 shows an embodiment of a sandwich structural 
material described above. A sandwich structural material 81 
comprises upper and lower plates 82 made from FRP and ribs 83, 
and seamless, enclosed hollow core materials 84 are contained in 
the sandwich structural material- The side walls of rib 83 and 
seamless, enclosed hollow core material 84 may be integrally 
molded . 

Figure 10 shows another embodiment. A sandwich structural 
material 91 formed as a folded plate shape comprises upper and 
lower plates 92 made from FRP and ribs 93, and seamless, enclosed 
hollow core materials 94 are contained in the sandwich structural 
material 91. The side walls of rib 93 and seamless, enclosed 
hollow core material 94 may be integrally molded. 

Figure 11 shows a further embodiment. A sandwich structural 
material 101 comprises upper and lower plates 102, ribs 103, 
seamless, enclosed hollow core materials 104 and cores of an 
urethane foamed material 105, and a layer of a fireproof material 
106 is provided on one surface of the sandwich structural 
material 101 . 

Figure 12 shows an embodiment of a seamless, enclosed hollow 
core material. Grooves 112 are formed on a surface of a seamless, 
enclosed hollow core material 111 depicted in Figure 12 (the 
upper and lower surfaces in the Figure), and the grooves function 
as resin flow paths at the time of molding. 



Figure 13 shows an example wherein one plate 122a of a pair 
of FRP plates 122a and 122b of a sandwich structural material 121 
has a folded-plate structure, and a gap between the both plates 



varies in the extending direction of the plates. Label 123 shows 
a rib, label 124 shows a seamless, enclosed hollow core material. 
The side walls of rib 123 and seamless, enclosed hollow core 
material 124 may be integrally molded. 

In a sandwich structural material 131 shown in Figure 14, a 
truss structural body 133 is provided as a rib structural 
material between a pair of FRP plates 132a, 132b. And the Figure 
shows an example providing seamless, enclosed hollow core 
materials 134 and normal core materials 135 at appropriate 
positions inside. 

Further, Figure 15 shows that a sandwich structural material 
141 can have any kind of shape as a whole, and in the depicted 
example, shown is a shape wherein pyramid-like portions 142 are 
connected to each other. 

In particular, a sandwich structural material 151 formed as 
a semicircular shape as shown in Figure 16 is more suitable to 
use it as a roof material. In Figure 16, label 152 shows a pair 
of FRP plates, label 153 shows ribs, and label 154 shows seamless, 
enclosed hollow materials. 

Thus, a sandwich structural material containing a seamless, 
enclosed hollow core material according to the present invention 
can accept various kinds of shapes. Especially, various kinds of 
shapes suitable for a building material such as a roof material 




and the like can be employed, and sufficient mechanical 
properties can be provided while a lightweight property can be 
ensured, and besides, it can be manufactured at a low cost. 

As described hereinabove, in the FRP sandwich structural 
material containing a seamless, enclosed hollow core material 
and the process for manufacturing the same according to the 
present invention, a sandwich structural material manufactured 
at a low cost and having sufficient properties can be provided. 

Next, an embodiment for an FRP structural material and a 
process for manufacturing the same will be explained, wherein a 
re^e^s sed portion, ij i to whj ^^cha flange portion of a reinforcing 
mate rial is f itted, is defined on at lea st one surface of the one 
end portion of a core material, a grp^ji-Le communic.a.t ijig with the 



recessed portion and forming a re ^in path at the time of moldi ng 
is defined on the core material, and an FRP plate, the FRP 
reinforcing material and the core material are integrally molded 
with a resin. 

An FRP structural material 161 shown in Figure 17 has a core 
material 162, FRP plates 163a, 163b disposed on at least one 
surface (both surfaces in this embodiment) of the core material 
162, and FRP reinforcing materials 164a, 164b each having a U- 
shaped cross section disposed on at least one end portion (both 
end portions in this embodiment) of each core material 162. The 
reinforcing material 164a disposed on the center of FRP 
structural material 161 functions as a rib for reinforcement, and 
the reinforcing material 164b disposed on the end portion 




functions as a cap member. For these reinforcing materials 164a, 
164b, a L-shaped, a T-shaped, or an I-shaped cross section and 
the like may be employed other than the U-shaped cross section. 
Any shape may be employed as long as it has both a portion 
extending substantially in parallel to FRP plate 163a or 163b and 
a portion extending perpendicular thereto. This portion that 
extends substantially in parallel to the FRP plate, the flange 
portion having a U-shaped cross section in the example shown in 
Figure 17, is fitted into the recessed portion 162a which is 
formed on at least one surface of an end portion of core material 
162. The depth of this recessed portion 162a is preferred to be 
substantially equal to a thickness of a . portion of the 
reinforcing material to be fitted thereinto, thereby ensuring a 
flatness of an FRP plate disposed on it. 

The recessed portion of core material 162 is formed, for 
example, as shown in Figure 18, In Figure 18, (A) shows a raw 
material 171, for example, for a core material formed from a 
foamed material, and this raw material is formed in, for example, 
a rectangle, A recessed portion is cut out on at least one end 
portion of this raw material 171 as shown in Figure 18 (B) or (C) . 
In the example shown in Figure 18 (B) , a core material 173 is 
formed wherein recessed portions 172a, 172b are provided on both 
surfaces so that a reinforcing material with a U-shaped cross 
section such as one shown in Figure 17 can be fitted thereinto. 
In the example shown in Figure 18 (C) , a core material 175 is 
formed wherein a recessed portionl74 is provided only on one 



surface of the core material. 

An FRP structural material described above can be formed by 
an RTM process due to a vacuum bag method. The molding by this 
RTM process is performed, for example, as shown in Figure 19, 
Referring to Figure 19, molding of an FRP structural material 
having a sandwich structure will be explained. 

In the process shown in Figure 19, in a mold 181, a core 
material 182 formed from a foamed body and the like is disposed, 
and reinforcing fiber substrates 183 are disposed on at least 
both surfaces of the core material 182. The core material 182 is 
formed as a plurality of parts in this embodiment, and the 
plurality of core materials 182 are arranged in the longitudinal 
and transverse directions as a plan view. The end portion of the 
row of the arranged core materials 182 may be structured such 
that the reinforcing fiber substrate 183 is disposed to wrap the 
core material 182, or may be structured such that a cap-like 
reinforcing fiber substrate 188 having a U-shape is disposed as 
shown in Figure 19. 

Each core material 182 is constructed as shown in Figure 20, 
and it has a large groove 184 forming a resin path and a plurality 
of small grooves 185 communicated with the large groove 184 and 
diverged from the large groove 184. A resin is distributed in the 
surface direction of reinforcing fiber substrate 183 through this 
large groove 184 and the small grooves 185, and the distributed 
resin is impregnated into the reinforcing fiber substrate 183 in 
its thickness direction. Although the distribution path for 



distributing a resin in the surface direction of the substrate is 
formed by the groove portions on the core material 182 itself in 
this embodiment, a .^sh ieet- li jce ^ medium made as anothe^r material m ay 
.be__p rovided to di^Ji-r^i-b-u-tre — a — ^r-e-s-i-n — i.n_£tie^s u r f a c e direction of the 




reinforcing fiber substrate, separately from this structure or 
along with this structure . Such a medium can be disposed on the 
upper surface of reinforcing fiber substrate 183 or on both upper 
and lower surfaces thereof. Although the structure of the medium 
is not particularly restricted, a sheet-like material with a groove 
structure similar to that shown in Figure 20, or a sheet-like 
material with grooves extending in the longitudinal and transverse 
directions, or further, a net-like material and the like, can be 
employed. 

In the embodiment shown in Figure 20, recessed portions 186 
are formed on both sides (or four sides) of core material 182, 
and reinforcing fiber substrate 187 for forming a reinforcing 
material for a rib with a U-shaped cross section is disposed on 
each recessed portion 186 as shown in Figure 19. At the central 
portion of the structural material, these U-shaped reinforcing 
fiber substrates 187 for forming a rib are abutted to each other, 
and on the end portion of the arranged core materials 182, U- 
shaped reinforcing fiber substrate 188 for a cap is disposed, and 
these members together with core material 182 are covered with 
reinforcing fiber substrates 183 disposed on both surfaces. 
However, in the case where the end portion of the arranged core 
materials 182 is covered with reinforcing fiber substrate 183, it 
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is not always necessary to provide U-shaped cap-like reinforcing 
fiber substrate 188. 

The mold upper surface side of the above -de s cr ibed 
reinforcing fiber substrate 183 is covered with a bag film 189, 
and the inside is evacuated by suction due to a vacuum pump 190. 
Then, by opening a valve 191, a liquid resin 192 is injected into 
the mold 181, which is kept at a vacuum condition described above. 
The injection is performed via an edge breather 193 made from a 
porous material and the like, and the suction to the vacuum pump 
190 is also performed via a same kind of edge breather 194. The 
position for resin injection, the position for suction to 
evacuate, and the position for setting edge breathers 193, 194, 
may be appropriately changed. For example, a resin may be 
injected from a central portion of an FRP structural material. 
Further, although the upper surface of reinforcing fiber 
substrate 183 is directly covered with bag film 189 in this 
embodiment, a mold-separation material, which is removed after 
molding (not shown), may be interposed therebetween, as needed. 
In the above -de s cr ibed embodiment, bag film 189 itself has a 
function as a mold-separation material. As the mold-separation 
material provided as needed, a mold-separation material, which 
can pass a resin and can be removed from an FRP structural 
material by being peeled after cure, is preferable (for example, 
a taffeta sheet made from nylon and the like) . Furthermore, a 
rigid plate such as an iron plate may be disposed between bag 
film 189 and the mold upper surface side of reinforcing fiber 



substrate 183. 

As described above, the injected resin is quickly 
distributed in the surface direction of reinforcing fiber 
substrate 183 along large groove 184 and small grooves 185 of 
core material 182 while gradually impregnated in the thickness 
direction of reinforcing fiber substrate 183. At the same time, 
the resin is impregnated also into U-shaped reinforcing fiber 
substrates 187, 188 for forming a rib and a cap, and the rib and 
the cap are integrally molded. The impregnated resin is cured at 
a room temperature or by heating as the cases may be, to- complete 
an FRP structural material. After curing, bag film 189 is 
removed, and a cured FRP structural material is taken out from 
mold 181- Thus, an FRP structural material is integrally molded. 

In the above-described molding, the grooves provided on a 
core material become resin paths at the time of molding. The 
relationship between the grooves and the aforementioned recessed 
portion provided on a core material may employ various kinds of 
aspects . 

For example, as shown in Figure 21 (A), a plurality of 
grooves 202 are defined in parallel to each other on a core 
material 201, and if they are formed so as to communicate with a 
recessed portion 203 formed on an end portion, a resin can be 
smoothly introduced into the recessed portion 203 at the time of 
molding, and the resin can be distributed into a substrate for 
forming a reinforcing material, which is disposed on that portion. 
Further, as shown in Figure 21 (B) , if a core material 211 is 



formed wherein grooves 212 extend up to the bottom surface of 
recessed portion 213, a better resin distribution may be 
performed, and because the extended groove portions are formed on 
a portion filled with only resin or on a resin-rich portion, they 
can make resin escape means, thereby serving to decrease a void 
ratio of an FRP molded portion. 

Structures disposing FRP reinforcing materials 231, 232 or 
reinforcing fiber substrates for forming the reinforcing 
materials on core materials 201, 211 shown in Figures 21 (A) and 
21 (B) are shown in Figure 22 (A) and 22 (B) , respectively. 

Further, as shown in Figure 21 (C) , a groove 222 extending in 
a direction in parallel to the extending direction of recessed 
portion 223 can be defined, and further, grooves 224 also can be 
defined in parallel to the groove 222 on the surface of another 
portion of core material 221. The groove 222 mainly contributes 
to the resin distribution into the portion provided with a 
reinforcin g . ma_ter ial^ and the grooves 224 serve to distribute a 
resin into a reinforcing fiber substrate for forming an FRP plate. 

As to the groove formed on a core material described above, 
as shown in Figure 23, the pitch, the depth and the width can be 
appropriately determined depending upon molding conditions 
(temperature, pressure and the like) or a viscosity of a resin to 
be used. For example, when a depth of a large groove is referred 
to as H, the groove width is referred to as W, and the groove 
pitch is referred to as P, it is preferred to satisfy the 
following relationship. 
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(a) 200^ W X H ^ 5 (mm^) , (b) 300 ^ P ^ 100 (mm) 
Further, when a depth of a small groove is referred to as h, the 
groove width is referred to as w, and the groove pitch is 
referred to as p, it is preferred to satisfy the following 
relationship. 

(a) 100 ^ w X h ^ 1 (mm^) , (b) 100 ^ p ^ 5 (mm) 
If W X H or w X h is too small, the molding speed becomes slow. 
On the contrary, if too large, the amount of resin becomes great, 
and therefore, the weight of a molded product becomes great. If 
the pitch P or p is too narrow, the amount of resin becomes great 
and the weight of a molded product becomes great. On the 
contrary, if too wide, the molding speed becomes slow, and a poor 
impregnation occurs, thereby causing a difficulty for a stable 
molding . 

Thus, an optimum core material with a recessed portion and a 
groove is designed, and by this design, the integral molding of 
the whole of an FRP structural material including a reinforcing 
material can be facilitated. In such an FRP structural material 
and a process for manufacturing the same, particularly by 
optimizing a structure of a core material, a relatively large FRP 
structural material with a lightweight, high strength and high 
stiffness properties can be manufactured more easily and 
inexpensively by integral molding. 

Further, a core material, and an FRP rib integrally molded 
with the core material, can employ various kinds of formations. 

For example, cross sectional forms can be employed as shown 
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in Figures 24 and 25. Figure 24 shows an example of a structure 
that an FRP plate is disposed on one surface of a core material, 
and Figure 25 shows an example of a sandwich structure that FRP 
plates are disposed on both surfaces of a core material. 

In Figure 24, label 241 indicates an FRP structural material, 
and the FRP structural material 241 comprises an FRP plate 242, 
core materials 243 disposed on one surface of the FRP plate. 242, 
and a rib 244 disposed between core materials 243 with a web 
Vk^ portion 244a extending in a direction substantially 

''ll perpendicular to the FRP plate 242 and a flange portion 244b 

extending in the surface direction of the FRP plate 242 . The rib 

'.the. 

244 comprises rib forming materials 245a, 245b having reverse L- 
shaped cross sections, and these materials are formed as an 
«h integral FRP member and they form a single rib 244. This rib 244 

1"*= is bonded integrally to the FRP plate 242. Further, the core 

material 243 is formed as a plurality of members, and the rib 244 
is disposed between adjacent core materials 243. 

As the core material 243 (similarly in the structure shown in 
Figure 25) , a foamed material or a wood and the like can be 
employed, and a foamed material is preferable from the viewpoint 
of lightweight property. As the raw material of the foamed 
material, polyure thane , polystyrene, polyethylene, polypropylene, 
PVC and silicone and the like are used, and its specific gravity 
is preferably selected within the range of 0.02 to 0.2. If a 
material whose specific gravity is less than 0.02 is used, there 
is a fear that a sufficient strength cannot be obtained. If the 



specific gravity is more than 0.2, although the strength become 
high, the weight becomes great and it does not meet with the 
purpose of lightening. Further, a honeycomb material can be 
employed as a core material. As the raw material of a honeycomb 
material, there are an aluminum honeycomb and an aramide 
honeycomb and the like, and the raw material and the dimension 
thereof can be selected depending upon a required strength and 
the 1 i ke . 

Figures 25 (A), (B) and (C) show examples of sandwich 
structures. In an FRP structural material 251 shown in Figure 25 
(A), FRP plates 252a, 252b (FRP skin layers) are disposed on both 
surfaces of a core material 253, .and an FRP rib 254 is disposed 
between both FRP plates 252a and 252b. The rib 254 is formed by 
connecting two rib forming materials each having a U-shaped cross 
section in a formation back to back, and the rib 254 has a web 
portion 254a and a flange portion 254b. In an FRP structural 
material 255 shown in Figure 25 (B) , a rib 257 is formed by 
disposing an FRP member having a U-shaped cross section between 
adjacent core materials 256. In an FRP structural material 258 
shown in Figure 25 (C) , a rib 260 is formed from an FRP member 
having flange portions 260b extending in the directions opposite 
to each other relative to a web portion 260a. 

When a rib as described above is disposed, for example, as 
shown in Figure 26 as an example of the formation shown in Figure 
25 (B) , it is recommended that after a recessed portion 256a is 
formed on each of upper and lower surfaces of at least one end 



(one side) of the core material 256, a flange portion of the rib 
257 is disposed on this recessed portion 256a. By equalizing the 
thickness of this flange portion to the depth of the recessed 
portion 256a, a substantially one surface structure becomes 
possible, and therefore, a flatness of each of FRP plates 252a 
and 252b disposed thereon can be maintained in a good condition. 

An FRP structural material as described above can be molded 
by a vacuum RTM method similar to that shown in Figure 19. 

In the integral molding of the FRP structural material, 
various kinds of formations can be employed as a method for 
forming a r ib . 

For example, as shown in Figure 27, when an FRP structural 
material with a sandwich structure is molded, a reinforcing fiber 
substrate 262 for forming a rib is wound on a core material 261, 
an arrangement body of core materials 261 is formed by 
appropriately disposing core materials 261 each wound with the 
reinforcing fiber substrate 262, and reinforcing fiber substrate 
263 for forming an FRP plate is disposed on each of upper and 
lower surfaces thereof- Under this condition, the whole may be 
integrally molded based on the process shown in Figure 19. In 
this process, a desired disposition of the reinforcing fiber 
substrate 262 for forming a rib can be performed extremely easily 

Further, as shown in Figure 28, a process may be employed 
wherein a rib forming substrate 273 comprising a rib forming core 
material 271 (for example, a relatively thin foamed material) and 
a rib forming reinforcing fiber substrate 272 is formed in 



advance, the rib forming substrate 273 is appropriately disposed 
on a desired portion, and then the substrate 273 is integrally 
molded together with core materials 274 and reinforcing fiber 
substrates 275 for forming FRP plates. 

Furthermore, although a Figure is omitted, a process may be 
employed .wherein a rib forming substrate is prepared as a 
preformed FRP substrate, and the rib forming substrate is 
appropriately disposed on a desired portion, and the whole is 
molded at a time. As this rib forming substrate, except a 
structure of an FRP single plate, a preformed FRP member 
enclosing a core material can be employed as shown in Figure 28. 

Further, as to the disposition of a rib, various kinds of 
embodiments can be employed. For example, as shown in Figure 29, 
ribs 282 can be disposed di scontinuous ly in the surface direction 
of an FRP plate (in a direction of a side of a core material 281) 
relative to the core material 281. In such a disposition, a 
portion between ribs 282 can be utilized as a resin path at the 
time of integral molding, and the resin distribution and the 
resin impregnation may be further smoothened. Further, because 
the portion between ribs 282 can be formed as a portion formed by 
only resin or a resin-rich portion, in a case where voids are 
likely to be generated, voids may be collected in this portion 
and the void ratio in the FRP portion may be reduced, and 
therefore, it can serve to increase the strength of the FRP 
portion . 

Further, for example, as shown in Figure 30, a structure may 



be employed wherein a rib 291 has discontinuous portions 293 in 
the direction perpendicular to FRP plates 292, namely, 
discontinuous portions 293 are provided in a web part portion. 
The discontinuous portion 293 may extend continuously in a 
direction parallel to FRP plate 292, but a hole structure is 
preferably employed. By employing such a structure, while at 
least a minimum strength required as rib 291 can be maintained, a 
resin path and a void escaping path at the time of molding can be 
formed . 

Further, as shown in Figure 31, in a- case where a plurality 
of core materials 301 is arranged, a rib forming substrate 302 
may not be disposed at all positions between adjacent core 
materials 301. Namely, a portion with a rib and a portion 
without a rib may be mixed, in accordance with a strength and the 
like required for the whole of an FRP structural material - 

A surface layer comprising a decorative layer, a 
noncombus t ible layer, a fireproofing layer and the like may be 
provided on the surface (one surface or both surfaces) of an FRP 
structural material according to the above -de s c r ibed embodiment, 
or a noncombus tible agent and the like may be compounded in an 
FRP plate itself. 

In an FRP structural material according to the present 
invention, a rib portion contributes to maintain the strength and 
stiffness of the whole of the FRP structural material at high 
levels. From this point of view, the desirable property shape 
for a rib will be investigated. 



As shown in Figure 32, as to an FRP structural material 314 
(see Figure 32 (A)) of a sandwich structure having FRP plates 311 
(FRP skin plates) on both surfaces of a core material 312, and a 
rib 313 with a web portion 313a and a flange portion 313b between 
FRP plates 311, the flange portion 313b is picked out as shown in 
Figure 32 (B) , and the relationship in strength between the FRP 
skin plate 311 and the flange portion 313b will be considered. 

The following relationship stands from a flange length "a" 
and a valid efficiency of a connection K between the flange 
portion 313b and the FRP skin plate 311 (a rate of an area of a 
portion effectively bonded) . 

max (02 as ts) ^ Kra S min {O2 ^z* os ts) •*• (1) 

Where, max ( a 2 ^2/ ^ s ts) shows a greater value of o 2 '^2 ^nd a s 
ts, and min ( a 2 ^ s ts) shows a smaller value of cr 2 ^2 and o s 

ts . a 2 is a tensile strength (stress) of a flange portion, a s 
is a tensile strength (stress) of a skin plate, t2 is a thickness 
of a flange portion, and ts is a thickness of a skin plate. r is 
a share strength (bonding strength) between a flange portion and 
a skin p late . 

As reinforcing fibers are often arranged at an angle of ± 
45° for a web or flange of rib 313 and as FRP skin plates are 
often disposed at angles of 0** / 9 0 ** , the following relationship 
is introduced from above equation (1) . 

asts / r ^Ka^ ^2^2 / r •*'(2) 

Namely, it is preferred that a sharing strength between the 
flange portion 313b of rib 313 and the FRP plate 311 is not less 



5 8 

than a tensile strength in the sharing direction of the flange 
portion 313b itself of the rib 313. 

Further, in consideration of the strength of a rib portion, 
as shown in Figure 33, if an upper surface of an FRP skin plate 
321 is deformed by 8 , the following equation stands from the 
moment balance and the generated stress in the corner portion 
formed between a web portion 322a and a flange portion 322b of a 
rib 322 . 

b / ti^ CO a / t2^ • - (3) 

Where, "b" is a length between FRP skin plates 321 (height of rib 
322) , "a" is a bonding length of flange portion 322b, ti is a 
thickness of web portion 322a, and t2 is a thickness of flange 
portion 3 2 2b . 

By transforming the above -described equation (3) to be 
dimens ionless , the following equation stands. 

a / ao = K (b / bo) [(t2 / t^o) / (t^ / t^o)]' (4) 
Where, elq, bp/ tgo and tio are standard values set up depending on 
a molding condition (a structure condition) , and K is a 
proportion constant in equation (3) . 

Usually, in the forming of rib 322, t2 is equal to t^ in many 
cases, and the thickness of the t2 portion can be regarded as a 
value substantially equal to a thickness of t2 + ts when the 
flange portion and the skin plate are strongly connected, and 
therefore, the following equation stands when t2 is substituted 
for ti + ts in the equation (4) . 

a / ao = K (b / bo) (ts / t^ + 1)^ (5) 



Where, ao and bo are standard values set up depending on a molding 
condition (a structure condition), K is a proportion constant, 
and by determining the ao, bo and K by an experiment, optimum a, b, 
ts and ti can be designed in accordance with a required strength. 

Further, also with respect to the thickness of a flange 
portion of a rib, an optimum design can be expected as follows. 
As shown in Figure 34, when an FRP structural material 334, in 
which FRP plates 331 are disposed on both surfaces of a core 
material 332 and which includes a rib 333 formed by abutting U- 
shaped members, is considered, and when the weight of a 
reinforcing fiber substrate (for example, a woven fabric) 
provided in a flange portion 333b (thickness: t) of a rib 333 is 
referred to as "w", the specific gravity is referred to as p , 
and the fiber volume content is referred to as Vf, the thickness 
to (a design value) of this portion before molding is calculated 
as follows . 

To = (w / p ) (1 / Vf ) • • • (6) 

In more detail, because the reinforcing fiber substrates 
often employ a stacked structure, to is expressed more accurately 
as a simulation per each layer as follows . 

To = S [ (wi / pi) (1 / Vf i) ] • • • (7) 

Where, the subscript i means each layer. 

However, to calculated by equation (6) , (7) is a value before 
molding, and after FRP molding, the thickness Z2 of a rib flange 
of a formed product varies slightly depending upon molding 
conditions (for example, temperature, a resin viscosity, a 



pressure condition and the like) . In other words, depending on 
such molding conditions, tg after molding can be controlled to 
any of conditions of t.2 ~ to/ t2 > to, and t2 < to- 

In a case of t2 = to, because the surface of a core material 
and the outer surface of a rib flange portion can be formed 
substantially at a single flat surface, the flatness of a surface 
of an FRP plate disposed thereon may be good, and the Vf of a 
molded product may have an aimed value. 

In a case of tj < to, by molding so that Vf of a web portion of 
a rib becomes high, the strength property of the rib can be 
increased . 

In a case of t2 > tor by designing a structure at a condition 
of a low Vf side, a facility of the molding can be ensured. 
Particularly, it is advantageous in a case where a dried 
reinforcing fiber woven fabric is set. 

Further, as shown in Figures 35 (A) and (B) , in a case where 
a flange portion 343b of a rib 343 is disposed in a recessed 
portion 342a formed on a core material 342, a gap can be formed 
before molding between a tip surface 343c of the flange portion 
343b of the rib 343 and an confronting surface 342b of the 
recessed portion 342a of the core material 342, and the gap 
portion can be interposed as a layer 344 made from only resin or 
a resin-rich layer, after molding. It is preferred that the 
width of the above-described gap or the layer 344 is 5% or less 
relative to the length a of the flange portion 343b. In the 
structure having such a layer 344, at the time of molding, the 
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distribution and impregnation of a resin can be facilitate by the 
structure functioning as a resin path, and because the rib flange 
forming reinforcing fiber substrate is surely disposed within 
the recessed portion 342a and the end portion thereof can be 
surely prevented from being overlapped onto the surface of the 
core material, the flatness of the surface of the FRP plate 341 
disposed thereon can be ensured. Further, even in a case where 

:fl voids are easily generated, the voids can be collected in the 

^» 

resin-only layer or the resin-rich layer 344, and therefore, the 

Ul 

void ratio of the FRP portion can be reduced, thereby ensuring a 

III 

f« desired strength- 

's 

v'\ Thus, in the above-described FRP structural material and 

Uj. process for manufacturing the same, a lightweight, high- s t r e ng th , 

:Sj!3 

high-s tif f ness and relatively large FRP structural material , can 

\s s B 

be manufactured easily and inexpensively by integral molding- 
Further, in the present invention, when an integral molding 
such as one shown in Figure 19 is performed, a core material 
having a pre-defined groove can be used. 

Namely, a groove provided on a core material becomes a resin 
path at the time of molding, and this groove has been formed, so 
far, by post-processing due to machining after a body of a core 
material is formed. In this embodiment, a groove is' formed 
substantially at the same time as the molding of the body of a 

core material. groove is forme d ^ by f oaming in a mold with a 

pa ^ttern for fo rming a designed groove, and an FRP structural 
ma^e.r-i-aJ — i-s — mcl-d-e.d s^ as to dispos e an FRP layer on at least one 



surface of a core material formed from a foamed material on which 
a groove has been formed at least its one surface simultaneously 
with the molding. Also in such an FRP structural material, it is 
preferable that reinforcing fibers comprising the FRP layer 
include a tow-like carbon fiber filamentary yarn the number of 
filament of which is in the range of 10,000 to 300,000, 

In a case where a core material is made from a lightweight 
resin, a desired groove pattern is previously formed in a mold 
for a core material, and a groove with the desired pattern is 
formed simultaneously with the molding of the core material by 
injecting a resin in the mold. Especially, in a case where a 
core material is made from a foamed material, a desired groove 
pattern is previously formed in a mold for a core material, a 
resin containing a foaming agent is injected into the mold, and 
by foaming the resin in the mold, a core material made from a 
foamed material having a groove with a desired pattern can be 
easily molded. Thus, a post-processing for forming a groove is 
not necessary, and the time and cost for manufacturing a core 
material with a groove can be remarkably decreased. This leads 
to remarkably decrease the time and cost also for manufacturing 
an FRP structural material as viewed from the whole process of 
manufacture of the FRP structural material. In particular, this 
process is advantageous for manufacture of a relatively large FRP 
structural material, or an FRP structural material with a large 
number of core materials to be used. 

Further, because the groove is formed by molding together 



with the core material itself, substantially any kind of groove 
pattern can be formed freely and easily. Therefore, a pattern of 
a resin path required when molding an FRP structural material is 
easily optimized, and an FRP structural material with uniform and 
excellent properties not only as a part but also as the whole of 
the material can be obtained. 

This optimization of groove pattern of a core material may be 
decided in accordance with an FRP structural material to be 
manufactured. Figure 36 shows various kinds of examples of 
groove' pattern of a core material. Of course, an arbitrary 
groove pattern can be employed other than patterns shown in 
Figure 36. 

Figure 36 (A) shows a core material 351 having a groove 
pattern similar to the aforementioned core material shown in 
Figure 2 and shows a pattern that a plurality of small grooves 
353 are diverged from a large groove 352 in the directions 
perpendicular to the large groove at both sides thereof. Figure 
36 (B) shows a core material 355 having a pattern that small 
grooves 354 are diverged obliquely from large groove 352 and the 
small grooves 354 extend in parallel to each other. Figure 36 
(C) shows a core material 357 having a pattern that small grooves 
356 each formed as a mountain-like shape communicate with the 
large groove 352 on both sides thereof. Figure 36 (D) shows a 
core material 359 having a pattern that a plurality of grooves 
358 each formed so as to extend at a w^ve-like shape are formed. 
Figure 36 (E) shows a core material 361 having a pattern that a 
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groove 360 is formed like a rectangular lattice. Figure 36 (F) 
shows a core material 363 having a pattern that a groove 362 is 
formed like a oblique lattice. As to the cros s -sectional shape 
of a groove, a reversed trapezoid or V-shape is better than a 
rectangle such as one shown in Figure 23, in order to facilitate 
the removal of a mold after foaming in the mold. 

Thus, by forming a groove of a core material by molding 
simultaneously with the molding of the core material, the groove 
can be formed in a substantially arbitrary pattern, and a resin 
flow pattern at the time of molding can be optimized in 
accordance with an FRP structural material to be manufactured. 
By the optimization of a resin flow pattern, an FRP structural 
material more uniform and more excellent in properties can be 
integrally molded. Further, because a groove of a core material 
is formed simultaneously with the molding of the core material 
itself, as viewed as the entire manufacture of an FRP structural 
material including the manufacture and the preparation of the 
core material, the FRP structural material can be integrally 
molded more efficiently and more inexpensively. 

Furthermore, in the present invention, a net- like material 

r . 

can be used as a resin distribution medium when an FRP structural 
material is molded, and this net-like material can be molded 
integrally with a core material and a reinforcing fiber substrate 
The net-like material comprises, for example, a sheet-like 
material the resin flow resistance of which in the surface 
direction is lower than that in the thickness direction, and in 



which a resin having a viscosity of 5 poise and a discharge 
pressure of 1 kg/cm^ can flow in the surface direction at a speed 
of 1 cm/min. or more. Although the raw material is not 
particularly limited, a net-like material made from a resin is 
preferable because a net-like material is left at an integrally 
enclosed condition after molding. The net-like material is 
preferably formed at 50 meshes or more and 500 meshes or less. 
When molding, a net-like material is filled with an FRP matrix 
resin injected, and after molding, it is integrated with the 
matrix resin. Therefore, the smaller the amount of a resin 
filled in a net-like material is, the lighter a molded material 
is, and therefore, the thickness of this net-like material is 
preferably 3 mm or less. If a liquid resin at a room temperature 
is used as the matrix resin to be injected, the formation of the 
net-like material is not deformed at the time of the resin 
injection and the resin distribution. 

In such an FRP structural material, although a structure 
wherein an FRP layer exists only on one surface of a core 
material, a structure wherein an exposed surface of a core 
material exists, a structure wherein the exposed core material 
surface is not FRP but is covered with a resin layer, and the 
like can be employed, from the viewpoint of strength and 
stiffness of a final product, a sandwich structure wherein FRP 
layers are disposed on both surfaces of a core material or a 
structure wherein an FRP layer is disposed over the entire 
circumference of a core material, is preferably employed. 
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Figure 37 shows an example of such a structure. In an FRP 
structural material 371 shown in Figure 37, a re sin 1 ay ^g_g__37^3 
containing a net-like materiaj^.^ is disposed over the entire 
circumference of a core material 372 formed from a foamed 
material, and an FRP layer 374 is formed on it over the entire 
circumference. A groove 375 is defined on the core material 372 
for forming a resin path at the time of molding, and after 
molding, the inside of the groove 375 is formed as a layer 376 
ifl composed of mainly a resin only. 

1 ij Figures 38 and 39 show an example of a process for molding 

-r- 

such an FRP structural material 371. In Figure 38, a net-like 
material 377 of 300 meshes or less is disposed around core 
material 372, and a reinforcing fiber substrate 378 is disposed 
on the net-like material 377 over its entire circumference. 
These materials are disposed on a mold surface 379, and the whole 
is covered with a bag film 380. A seal tape 381 and the like 
seals between an end portion of the bag film 380 and the mold 
surface 379- Although the bag film 380 is disposed on the mold 
surface 379 in this embodiment, it is possible to enclose the 
whole with a bag film 380 without a mold. Further, it is also 
possible to dispose a rigid plate such as an iron plate between 
the bag film 380 and the reinforcing fiber substrate 378 and to 
ensure a flatness of a surface of a molded product by the molded 
surface or the rigid plate. 

As shown in Figure 39, a groove 375 for forming a resin path 
at the time of molding is defined on a core material 372 at the 
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central portion over its entire circumference. This groove 375 
may be provided at a plurality of positions, or may extend in 
both of longitudinal and transverse directions . 

As shown in Figure 38, a resin injection port 382 is provided 
at a position corresponding to the groove 375 of the core 
material 372, and a vacuum suction port 383 is provided on both 
end portions in the bag film 380. After the whole is covered 
with the bag film 380 , the inside is evacuated at a vacuum 
condition by suction of a vacuum pump 384. Then, a valve 385 is 
opened and a resin 38 6 is injected through the injection port 382. 
A member, separable together with the bag film 380 after molding 
may be provided on the portions of the injection port 382 and the 
suction port 383. 

The injected resin is distributed along the groove 375 
naturally and quickly in the inside of the evacuated portion 
covered with the bag film 380 as well as diffused over the entire 
inner surface of the reinforcing fiber substrate 378 via the net- 
like material 377. The distributed resin is impregnated in the 
thickness direction of the reinforcing fiber substrate 378. As 
the distance of this thickness direction is short, the resin is 
impregnated extremely quickly. The impregnated resin is cured at 
a room temperature or by heating as needed, thereby completing an 
FRP structural material 371 by integral molding. After curing 
the resin, the bag film 380 is removed, and the FRP structural 
material 371 is taken out. Where, a separable material (not 
shown) to be peeled after molding may be interposed between the 
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reinforcing fiber substrate 378 and the bag film 380, as needed. 
In the above-described embodiment, the bag film 380 itself has a 
function of such a separable material. 

The FRP structural material 371 thus molded has a 
lightweight, high- strength and high-stiffness properties, and 
can be manufactured extremely easily and inexpensively by the 
above -de s c r ibed vacuum RTM process, even in a case of a 
relatively large molded product. Further, because the injected 
resin is distributed through the net-like material 377, a quick 
and uniform distribution can be achieved, and the FRP layer of 
the molded FRP structural material 371 also can indicate desired 
and uniform properties . 

The groove 375 formed on the core material 372 becomes a 
layer substantially composed of only resin, and the portion of 
the net-like material 377 is cured together with the injected 
resin. These portions become void escape portions for an FRP 
layer to be formed, and they can decrease a void ratio of the FRP 
layer, thereby ensuring the entire FRP structural material 371 at 
high-strength and high-stiffness conditions. 

In such an FRP sandwich structural material, preferably the 
fiber volume content of an FRP plate is 35% or more and 65% or 
less, and the void ratio thereof is 5% or less, and more 
preferably, the fiber volume content 40% or more and 55% or less, 
and the void ratio is 3% or less. Such high fiber volume content 
and low void ratio can be easily achieved by a core material with 
a groove and the above -de s c r ibed integral molding. 



In the above-described embodiment, the resin for FRP may be 
substituted for an inorganic material to make a composite 
material, and such a composite material can be used particularly 
as a fireproof material. As preferable inorganic materials, for 
example, a cement, a mortar, a concrete, an alkali silicate or a 
gypsum can be raised. Especially, a cement or a mortar is more 
pre f e r abl e . 

Further, as a core material, a hollow material can be used, 
and in this case, a foaming material can be filled in the inside. 
The raw material of a core material can be selected arbitrarily, 
and for example, it can be composed of a plastic or a rubber or a 
thin metal and the like. Furthermore, the cross sectional shape 
of a core material also can be selected arbitrarily, and for 
example, a cross section of a circle or a rectangle can be 
emp 1 oyed . 

Figures 40 and 41 show a process for manufacturing an FRP 
sandwich structural material according to another embodiment. 
In the process shown in Figure 40, a core material 392, a net- 



1 i k e^^niat^e r i a 1 _ 39j^ pr ovided around the core material 392, and a 
rej^n^fo rcin q fiber substrate 394 provided around the net-like 

material 3^^, ar^e — d.is.p jpsed in a mold 391, and the whole of them 

is co:ite^e,d — ^w-i-fe-h — a — ba.g f dj-m 395 at the u t3pe_r_s,ur-f.a.c.e side of the 

mold 391. In this embodiment, as shown in Figure 41, on the core 
material 392, a groove 396a extending in the width direction over 
the entire circumference similarly to that shown in Figure 39, 
and a groove 396b communicating with the groove 396a and 




extending over the entire circumference of the side surfaces of 
the core material 392, are provided. 

Thus, by replacing a function of small grooves 185, among a 
large groove 184 and small grooves 185 shown in Figure 20, with a 
function due to a net-like material 393, a recessed portion on 
the surface of a molded product due to "an escape of a resin", 
which is caused by shrinking due to curing of a resin left in the 
groove portion, can be greatly decreased. It is suitable for use 
in that a surface flatness is required. 

After the inside of a bag film 395 is evacuated by the method 
similar to that shown in Figure 38, when a resin is injected from 
a position corresponding to a central groove 396a, the injected 
resin is distributed by both the groove 396a and the groove 396b, 
and is diffused quickly over the entire inner surface of the 
reinforcing fiber substrate 394 through the net-like material 
393. The distributed resin is impregnated into the reinforcing 
fiber substrate 394, and by curing, an FRP sandwich structural 
material is molded. 

The shape and the size of a core material can be set 
substantially freely, other than those shown in Figure 39 and 
Figure 41. Further, in a vacuum bag process using a bag film, 
because there is no restriction in shape, even in a case of an 
FRP sandwich structural material with a complicated shape, it can 
be integrally molded easily. 

Thus, according to the above-described FRP sandwich 
structural material and the process for manufacturing the same. 
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by integrally molding a net-like material provided as a resin 
distribution medium, a relatively large FRP structural material 
having lightweight, high- s tre ng th and high-stiffness properties 
can be manufactured remarkably easily ant inexpensively. 

Further, the present invention provides a process for 
manufacturing an FRP structural material, wherein a resin non- 
impregnated portion can be repaired rationally. 

Figure 42 shows an embodiment of the above -de s c ribed process 
for manufacturing an FRP structural material. In this embodiment, 
although a repair method is shown for a case that a resin non- 
impregnated portion 402 is generated at a part of a surface of an 
FRP structural material 401 formed as a relatively large flat 
panel, the size and the shape of the FRP structural material are 
not limited. In this embodiment, the FRP structural material 401 
is molded as a sandwich structural material di sposing FRP skin 

layers 404a and 404b on both surfaces of a core material 403 (for 

J 

example, a core material formed from a independent foamed porous 
body) . Figure 42 shows a case where resin non- impregnated 
portion 402 is generated on the surface of one FRP skin layer 
404a . 

As shown in Figure 42, first, a resin distribution medium 405 
comprising, for example, a net-like material, is disposed on the 
surface of resin non- impregnated portion 402, and from the upper 
side thereof, the whole of the resin non- impregnated portion 402 
is covered with a bag film 406 prepared as a bag substrate- To 
the bag film 406, a suction pipe 408 connected to a vacuum pump 



407, and a resin supply pipe 412 connected via a valve 411 to a 
resin storage tank 410 containing a resin 409, are connected. 
The connecting position of the suction pipe 408 and the 
connecting position of the resin supply pipe 412 are set at 
positions opposite to each other relative to the resin non- 
impregnated portion 402. 

A double coated adhesive tape 413 as a seal member is 
interposed between the bag film 406 and a surface of a portion 
including the resin non- impregnated portion 402 and its vicinity 
portion of the FRP structural material 401, thereby sealing the 
whole of the resin non- impregnated po.rtion 402 from its 
circumference. 

At this state, the vacuum pump is operated, and by the 
suction through the suction pipe 408, the inside covered with the 
bag film 406 is evacuated (at a condition of a reduced pressure) . 
After such a state is completed, the valve 411 is opened and 
resin 409 is injected into the resin non- impregnated portion 402 
via resin supply pipe 412- Because the inside is set at a vacuum 
condition, the injected resin is quickly distributed along the 
resin distribution medium 405, while the resin is impregnated 
into an exposed reinforcing fiber substrate of the resin non- 
impregnated portion 402. Since substantially the whole of the 
resin non- impregnated portion 402 is set at a predetermined 
vacuum condition, the injected resin is impregnated into the 
whole of the resin non- impregnated portion 402 efficiently and 
quickly, and therefore, a hole or a local non- impregnated part is 



not left. 

Thereafter, the bag film 406 and the resin distribution 
medium 405 are removed, and the impregnated resin is cured. As 
to this resin distribution medium 405, in a case where a 
particular problem does not occur, it may be left in the FRP 
structural material 401 at a condition integral with the cured 
resin without removing. Further, in a case where the resin non- 
impregnated portion 402 is relatively narrow, use of the resin 
distribution medium 405 can be omitted. 

In such an FRP structural material 401 thus repaired and 
manufactured, in the resin non- impr e gna ted portion 402, an 
original reinforcing fiber substrate is utilized as it is, and 
because thereinto a resin is impregnated substantially 
completely and the resin is cured, the reinforcing fiber 
substrate is not cut. Further, because the repaired FRP portion 
is formed as an FRP portion having the substantially completely 
same FRP structure as that of the vicinity and there is no hole 
or no local non- impr egna ted portion left in the repaired portion, 
a desired FRP structural material 401 without partial decrease in 
strength can be efficiently obtained. 

Furthermore, the working is extremely simple, because 
removal of the resin non- impr egna ted portion 402 and deposition 
of other materials are not necessary, and merely the operation 
may be performed substantially for covering the resin non- 
impregnated portion 402 with the bag substrate, evacuating the 
inside, and impregnating the resin. Further, the position of a 



resin non- impregnated portion to be repaired is not 
substantially restricted, and any surface portion of an FRP 
structural material can be served to the repair. Moreover, 
because the working is simple, the cost required for the repair, 
ultimately, the cost required for the whole of the manufacture of 
the FRP structural material, are extremely low. 

Although the FRP structural material 401 having a sandwich 
structure is shown in Figure 42, of course, a structure of a 
single FRP plate may be available. Further, the structure of an 
FRP portion also is not particularly restricted. 

Although the reinforcing fibers for an FRP material is not 
particularly limited, for example, it is preferred to use a 
unidirectional material, a woven fabric, a mat or a strand of a 
carbon fibers, or a unidirectional material, a woven fabric, a 
mat or a roving of glass fibers, at a single or mixture formation. 
Especially, it is preferred to use carbon fibers in order to 
achieve an effect of lightweight property as much as possible. 
As the resin for an FRP, a thermosetting resin such as an epoxy, 
an unsaturated polyester, a phenol or a vinyl ester is preferable 
from the viewpoints of molding property and cost. However, a 
thermoplastic resin such as a nylon or an ABS resin, or a resin 
mixed with a thermosetting resin and a thermoplastic resin can be 
also used. As to the material for a core, a foamed material and 
a wood can be used, and a foamed material is more preferable from 
the viewpoint of lightweight property. 

According to such a process for manufacturing an FRP 



7 5 



structural material capable of performing a rational repair, a 
resin non-impregnated portion can be repaired extremely simply 
and substantially perfectly, and an FRP structural material with 
lightweight and desired mechanical properties can be 
manufactured easily and inexpensively. 

Industrial Application of the Invention 
In the present invention, an FRP structural material with 
lightweight and high strength properties can be manufactured 
efficiently and inexpensively. The FRP structural material 
'It according to the present invention can be used for any field, and 

particularly, it can be applied suitable to a relatively large 
structural material which requires lightweight and high- s tr ength 
properties, for example, to a structural material for vehicles, a 
structural material for relatively large machines or a building 
material for a roof or a wall and the like. 



